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Expert Maintenance Advisor Development
For Navy Shipboard Systems

Portia J. Harris
Robert S. Romalewski
Computer Scientists
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Ocean Technology Branch
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COM (601) 688-5787
FAX (601) 688-5612
EMAIL harris@nrlssc.navy.mil

ABSTRACT

In the Navy’s search to find a more cost-effective maintenance tool, the Naval Research Laboratory at Stennis Space Center,
Mississippi developed an Expert Maintenance Advisor for the AN/USH-32(V) Signal Data Recorder-Reproducer Set.  This
analog tape recorder system is a high performance acoustic data recorder/reproducer set used in data acquisition and data
processing. Its maintenance is complicated by multiple adjustments, their relationships, and lengthy calibration and checkout
procedures. The Expert Maintenance Advisor is a reference aid which has expert knowledge and the complete technical
manual (text and graphics) embedded in a PC-based computer that is portable and user friendly. This paper discusses its
development, knowledge engineering process and maintenance diagnosis capability.

Introduction

The Navy has numerous shipboard systems which require corrective/preventive maintenance. Sailors and in-service
engineering agents (ISEA) from Navy field activities perform these maintenance tasks using paper technical manuals and the
associated test equipment while in port or at sea. Four problems associated with performing these maintenance tasks are:

1)  Personnel Availability

2) Labor Intensive Test and Checkout Procedures
3) Absence of System Test Tupes

4) Costs

For
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The EMA was developed to best meet Navy needs and support fleet readiness requirements. It is a PC-based reference
aid which uses embedded subject matter expert knowledge to assist sailors with maintenance related tasks and provides
heuristics which increase rather than remove or replace theirability to maintain Navy systems in a fully operational status.
This Expert Systems technology application not only reduces maintenance costs but increases maintenance personnel skill
level and system diagnosis turnaround time. The EMA is an intelligent reference aid not an electronic technical manual or
automated page turner.

The first Expert Systems technology application (Figure 1) was the AN/USH-32(V) Signal Data Recorder-Reproducer
(SRRS). It is menu driven (Figure 2) and provides facilities for rule-based language input, debugging, editing and testing.
The Expert Maintenance Advisor is most valuable to maintenance personnel during maintenance turn-on procedures,
troubleshooting and system diagnostics. It uses embedded subject matter expertise to guide them through a logical sequence
of maintenance actions by incorporating “tricks of the trade” and “rules of thumb” in a reference section. Indexing, hypertext
and direct table access are features visible on all screen displays for instantaneous access to technical manual references and
graphics. These features alone make the EMA a complete reference aid for rapid maintenance actions.
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Begin Mew Diagnosis
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AN/USH=32
Diagnosis Systen

Table of Contents
List of Illustrations
List of Tables

List of Acronyms
Maintenance Hints
Index
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AN/USH-32
Diagnosis System

—={Msintenance Hints )

Hints for Chapter 5 (preliminary pmodunl/qcmnl notes)
Hints for Chapter 6 (general maintenance)

—=(EsC)-Done  (F2]-Previous (F4)-First  (79)-Help (F10)- Contro

Figure 2. System Configuration

The system is hosted on a laptop computer running in a 4.01 or higher DOS environment. It requires a 120 MB hard drive
and 4 MB of RAM which includes 3 MB extended RAM for storage and quick retrieval of textual data and graphics.
Hypertext and highlighting features are included for all technical manual references during system diagnosis (AN/USH-32(V)
Expert Maintenance Advisor User’s Guide, 1992).

Expert Systems Development Approach

rule-based language is used to develop and debug the EMA’s knowledge. A maintainable rule-based language defines
thefencoded domain knowledge, which in turn is processed by an inference engine. (Alphonso, 1989) The expert system
shell is written in a conventional programming language, C, which manipulates the knowledge with rules, facts, goals and a
backward chaining inference mechanism. The heart of the system is embedded in a set of library routines. These routines
are designed such that there is a close integration between the rule-based language and the source code, yet the two can be




" developed independent of each other. A programmer can design the source code so that it uses the rule language to its fullest
extent without knowing what rules are being used.

Library routines are callable from a conventional programming language to design, encode, debug and maintain knowledge.
They manipulate the knowledge with an expert system shell independent of the conventional programming language. The
static nature of the conventional programminglanguage and the dynamics of the knowledge base make development and
implementation independently unique for the knowledge base and source code development process.

Knowledge Engineering

Simply acquiring expert knowledge isn’t enough, the approach to knowledge engineering is the true success to knowledge
base development. The EMA does use existing knowledge, the technical manual, to make the knowledge engineering
productive. The maintenance procedure flow diagram was used as the foundation to build the knowledge base. It includes
every fact in its original format from the technical manual. The knowledge acquisition sessions provided a mechanism to
format the knowledge presentation, refine knowledge information, design and implement source code and test and validate
the EMA performance. (Kearney, 1990)

The knowledge acquisition sessions were conducted with ISEA representatives at the Naval Undersea Warfare Center
(NUWC) in Norfolk, Virginia using troubleshooting and corrective maintenance sections from the technical manuals as the
knowledge presentation format. Knowledge is represented as a set of complex data structures which consists of pointers to
a linked list of objects. The technical manual is the primary knowledge base development source. It includes ti.e objects,
their pointers and attributes in the form of rules, facts and goals which determine the optimal resolution to an EMA system
diagnosis. The maintenance turn- on, corrective maintenance and troubleshooting procedures are enhanced by the avail-
ability of knowledge engineering acquisition input from subject matter experts. The knowledge engineering input is
embedded in a helpful hints section to insure that the technical manual retains its originality. This knowledge engineering
approach makes subject matter expertise readily available and easy to update.

Initial operational suitability tests were conducted at the NUWC and the Fleet AntiSubmarine Warfare Training Center
Pacific FLEASWTRACENPAC) to validate EMA Version 1 for fleet readiness. A - ipplemental fault isolation procedure
to reduce in-fleet maintenance/alignment deficiencies is proposed for EMA Version 2. This proposed enhancement can be
achieved with the development of a pre-recorded test tape. The pre-recorded test tape serves as an alignment tool for
DIRECT/FM reproduce electronics and the capstan servo system. Test and alignment requirements can also be provided
for the record electronics. Troubleshooting diagrams that perform true fault isolation and waveforms of actual properly
adjusted signals at test points can be a part of the test/checkout procedure.

System Diagnosis Capability

The EMA’s system diagnosis capabilities include:

1)  Start To Finish Diagnosis
2)  Specific Component Diagnosis
3) Save and Load Session Diagnosis

It can assist maintenance personnel with system maintenance from start to finish with or without previous knowledge of
problem. In this diagnosis mode, the EMA relies on the sailor to observe and report the status of lamps, circuit breakers and
motor movements to isolate the system fault. If the sailor suspects a problem in a specific component, the interactive
troubleshooting and fault localization process can begin at that point in the logic diagram flow. Figure 3 shows an excerpt
from the logic flow diagram and its source code rules. Interruptions or detail to other mission critical tasks may require that
the sailor terminate an EMA session. If this happens, this session can be saved at that point and reloaded at the same point
later. The addition of a Helpful Hints section gives sailors the benefit of having an expert by their side at all times in any
system diagnosis mode. Appendix A is an example of a demonstration scenario using the EMA.
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and main power lamp is illuminated
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rule

if problemlal is not solved

and main power_ lamp is illuminated

and cooling blower is operating

and circuit_breaker A2A8CB2 is trip
then say

"Troubleshoot +28 volt DC Logic &
Indicator Power Distribution Circuit.®

and check is "f_5-4"

and problemla is solved.

1F VOLTAGE READINGS ARE TOO
HIGH, TURN OFF MAIN POWER
IMMEDIATELY. ANY READING OVER
37V iS TOO HIGH.
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CIRCUIT

BREAKER
A2A8CB2
TRIP

YES TROUSLESHOOT +28V DC LOGIC
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REF PARA §-7.4.1
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if problemlal is not solved :

and main power_ lamp is illuminated gy -
o - | THIS FAULT LOGIC DIAGRAM {

and cooling blower is operating

and circuit breaker A2A8CB2 is not trip

and circuit breaker A2ABCBl is trip
then say -

*Troubleshoot +29 volt DC Logic &
Indicator Power Distribution Circuit."

and check is "f_5-4"

and problemla is solved.

! ALSO CHECKS FOR PARTIAL
! DRAINS WITHOUT TRIPPING |

= CIRCUIT BREAKERS A2ABCB2 |
[ [+1.]

TROUBLESHQOT +78V LOGIC AND
INDICATOR POWER DISTRIBUTION
CIRCUIT
REF PARA 5-7.4.7
FIG. 54

Figure 3. Troubleshooting Flow Chart and Rule Source Code

Summary

The Expert Maintenance Advisor makes a significant impact on the AN/USH-32’s operational availability for data
acquisition and data processing. Itis an intelligent shipboard maintenance capability that provides on-line expert knowledge
in a small portable package. Cost savings to the Navy in terms of time and service requests to Navy field activities and other
commercial vendors will be substantial.

The Expert Maintenance Advisor has received numerous accolades during its debut in the training community. Several
suggested improvement features from the training community were incorporated in Version 1 after visits with Naval personnel
at the FLEASWTRACENPAC in San Diego, California. It was also exhibited at the First World Congress On Expert
Systems held in Orlando, Florida, December, 1991. The Expert Maintenance Advisor saga continues while the Navy’s new
maintenance capability sets the pace as the “wave of the future” ashore and afloat.
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APPENDIX A

AN/USH-32 Expert Maintenance Advisor Demonstration Scenario

Main menu selection

Indicates the response to capstans motion

Indicates the response to main power lamp illumination
Indicates the response to cooling blower operation
Indicates the response to tripped circuit breakers
Indicates the response to the voltage meter reading
Indicates the response to the voltage meter reading
Indicates the response to the voltage meter reading

Indicates the response to the voltage meter reading

Return - Message to troubleshoot the +15 volt Transport Power Distribution Circuit

Not Corrected -  The alignment procedure does not correct the fault. If the sailor needs further details, they
are available on the screen in paragraph p_6-2-2. P_6-2-2 references figure f_6-1 which is

15 Volts -
15 Volts -
Not 15 Volts -
15 Volts -

also available on the screen. Thesescreen outputs are accessible using hypertext features.

Indicates the response to the voltage meter reading
Indicates the response to the voltage meter reading
Indicates the response to the voltage meter reading

Indicates the response to the voltage meter reading

Return -  Advises the sailor to replace A2A2A3 detection assembly and provides a cross reference to
the part number, manufacturer’s address and installation/removal procedures

Return -  Advises the sailor to perform the complete maintenance turn-on procedure to verify the
SRRS’s operational status

This demonstration diagnoses a fault in the detection assembly and advises the sailor to replace the End-of-tape/ Beginning-
of-tape (EOT/BOT) A2A2A3. It sequences through functional observations, checks voltage levels and provides screen
text/graphics information to the sailor during maintenance. Text and graphic excerpts from the system demonstration are
listed with the interactive response shown in bold.

AR/USH-32
Diagnosis System

r—=(capstans_1a1 )

eteccsnpsseey

[YTYTITYY START-UP PRC b

Please ensure that tape has besn removed from the SRRS,
Set/verity the main power circuit breaker AlAICBl to ON.
Set/varify the main power switch AJAZ0S1 to OrFf.

On the control mount subassesbly !3A20, set/verify the following:
(1) High speed melect smwitch - 7.5
{2) Low speed select switch ~ 1.373
{3) Circuit bresker CBl - LATCAED IN
(4) Circuit dreaker CB2 - LATCHED IN
{3) Servo mode sel switch - TACH
(6) Servo sel switc 11 IMORRE LS

o ( 71 ] ~Mypartext (r9)-Heip (P10}~ Contro

{Do the P turn ?)
[turns
NOT turns

]




AN/URN~32

Oisgnosis Systea

) T AN/USR-32
Diagnosis Syatss

e { RO B_pOWST_1a0p X

Plasse check the msin power lamp to determine if it is illiuminated.

voltage_meter_5v ]

Please set voltage check switch AJA20814 to +3 volts.
the voltage check meter to ses if it indicates 5 volts.

Now observe

em [ 71 ) -Hypertext (79]-felp {PLO]- COntrollem{p))-nypertext (r9)-Help [F10])- ContTo
{Is the main power lamp illuminated?): [Is the voltage meter 5v?}
illuninated v
NOT 1lluminated NOT Sv
AN/USH-32 AR -32
Diagnosis Systen Diagnosis Systea
e [ cOO1iNQ_DloOwWer ) } pom [ vOltage_meter_15v_xport }
18 THE COOLING BLOWER OPERATING? Please set veltage check switch AJA20S14 to +15 volts xport. Now
observe the voltage check meter to see if it indicates 15 volts.
e [ 1 ) ~HypaxXtext (P3)-Next (P9)-Help [F10])- Control bme(P])-Nypertext {r9)-Help (F10]~ Contro
(Is the cooling blowver operating?) {Is tha voltage meter 15v?)
Joperating 15v
NOT operating wOT 14y

AN/USH-32
Didgnosis Systes
{circuit_breaker_tripped bi
r rlnuo ob.orv- the status of the following circuit breakers
o determine if they are tripped or not.

eircuit breaker AlASCB1
circuit breaker AlASCH2
circuit breaker ALASCBE3
circuit brssker AlASCB4

CAUTION!

It voltage readings are too high, turn off main power immediately.
Any reading over 32 volts js considered to de too high.

AN/USH-32
Plagnosis Systea

415 volt Tranaport Power Distribution Circuit.

Plesse set voltage check switch AJA20814 to 29 volts. NKow observe
the 70ltsge check meter to see if it indicates 28 volts.

e { 71 ] -Mypertext [P9]}-Nelp [P10])- 2
(which circuit bresker is tripped?])
A2A8CB2
A2ASCB1
none
. AN/ USE~32 AN/USH-32
Diagnomis Systea Diagnosis Systen
P=={ voltage_meter_28v ] {£_3-8_fault )

o Pl e performs the alignmsent procedurs doscribed in paragraph p_6~-2-2.

13 TRE FAULT CORRECTED?

— 1 }-Hypertext (79)-Help [F10)= Controlkes(rl)-Hypertext [79)-Nelp [F10]- Contro
{Is tha voltage meter 28v?) |Is the fault corrected?)
28v correctoed
NOT 28V NOT corrected
AN/USH~ AR/USK-32
Diagnosis Systen Disgnosis Systea
peee( vol tage_neter_20v_2b h! (p_6-2-2 )
Plesse set voltage check switch AJA20314 to +20 volts servo. Now REGULATOR AND SERVO POWER AMPLIPTIER. (See fig f_6-1.) To sdjust the
observe the voltage check meter to see if it indicates 20 volts. voltage regqulator circvii on requlator and servo power amsplifier A2Ai,

proceed as folives.

the dust covar and

a, Secure the isolation mount safety latch.
Load a reel

secure it in the open position with the safety latch.
of clean, degsussed tape.

b. Open transport ssseably A2 to the fully open position and engage
the transport safety latch.

<. Press the MAIN POWER switch to the ON position. Press the READY-
LOAD switch to the READY positiom.

d. See tig £ _6-1 and ¢ L5INORRL LS ultimeter betwean A2JTPS
(1 }~Mypertext [PS]-Help (F10)- Controllwm(ri]-Nenu (P2]-Previous (ul-nu: {P9]-Nelp {P10])- contro
]— {Is the voltage meter 20v?) {1Is the fault corr
20 correctad
NOT 20V NOT corrected




SEXI 4GV IO DI0/USH-2 (V)

RESULATOA ARS HRVE FOWEA APLIFNA
A

ALTP1 SUPFLY MOTOR CUNNIENT

AtTP2 TAKE UP MOTOR CUARINT

Figurs 6-1. Reguisior and Servo Power Amplifier A2A1, Lacation of Test Points and Adjustments

5. Securs the isolstion mount safety latch. Open the
Gun cover and wcurs it it tha opes position with the safety
lasch.

b. Open 0w tramsport amembly A2 to the (ully open
positian and engage the transpon ssfety latch.

¢. Open the Nnged covwer on the comtral mount AS.
d. Prem the MAIN POWER ywitch to the ON position.
¢, See Ngure 63 and conmect the diginl multimeter
between TP1 (+) and TP2 (ground). Verify that the meter

Indicates +13 £0.008 volta. If thia reading s not obisined,
sdjust varisble resistor R6.

62

. AN,
l . Disgnosis

~32
Systes

. Coanect the digital multimeier between TPD (-) and
TP2 (growad). Verify that the metsr mdicatas -15 £0 005
valts. if this reading s 20t obtained, sdjust varisbia resistor
Rit.

g8 Commect the digital multimrtes buiween TP1 (¢) and
TPZ {grownd) and sdjust varishie radisior R6 10 reduce Uhe
*15V by 30 millivolts (#14.950 £0.005 volu).

&, Conmect the digial mulsimster to TP3 {-) and TP2
(grousd) snd verily thet Lhe reading has been reduced by SO
milivolts (-14.950 $0.005 volts). If this resdng is not ob-
tained, odjuss varishle resistor R10 10 obtain the aecessary
reduction i the reading.

32
Diagnosis Systen

r—(l_}-!_ﬂltinut ¥
© Please press the main power switch to OPP.
o of ors AJASP? from A2A2J3 on control logic assembly,

sconnect connect.
AZASPLl trom A2ATAY1IIZ on record saplifier asseably and AlAIP4 from
2 on sounting 3 ? (SER fig £_5-78).

o s sulti TPS (+15) and chaasis ground on voltage
regqulstor and servo power amplifiar AlAl (SEE fig f_6-1).

© Press the maln power switch to ON.
DORS THE NULTINETER INDICATE +13 VOLTS OC7
L—(nl-lw-m-c

+18v DC
¥OT +15v DC

[r9)-Help (F10)~ Contro

|

{1In the multimeter +15v DCT)

pon{f_S-0@_voltage_metar ]
© Pleass press the main power switch to OFP,
© Then reconnect AJASP7 to A2A2J2 on the control logic assembly.
© Press the msin power ewitch back to ON.

DOEZS TNE VOLTAGE CWECK METER INDICATE 15 VOLTS?

hoen | 71 ) =Hypartext {r9]-Help [F1D)- Contro
{1s the voitege meter 15v?]

15v

woT 15v

L

AN,
Disgnosis Systen

/USH-32 I

peni f_3-8D_voltage_neter ¥
o Pleaase press the main pover switch to OFF.
o Reconnect AIAIPE ta A2ABJ2 on connector wounting bracket.
o Press the sain power switeh back to OM.
DOES TNE VOLTAGE CHMECK METER INDICATE 13 VOLTS?

e { 71 ) -Nypartert {re)-selp [F10]~ Contro

=

(Is the voltage meater 19%v?) ]

14




v AN USH=33
[ > Diagnosis Systea j
I AN/USH-32
,—-( £_5-82_voltage_neter Diagnosis

o Please prees the main pover switch to OFF.
©  Reconnect connector AJATAILIZ.

oY,
(SER tigs fig £_6-37 and tig £_¢-7).
© Press the main power switch to ox.
DOERS THE VOLTAGE CRECK NETZR INDICATE 15 VOLTS?

s F1 |-Nypertext

[Is the voltage meter 13v?)

© Remove /BOT AJA2A3 from the control logic ssseably A2A2

peon(¥_5-8-1

Plesrs replace ROT/BOT AZAZA3 with a spare.
BEr 14028, part no. $4109%
PERPORN COMPLETR XAL TURR-ON

{P9]-Nelp (P10)- Contro.

18
BT 13w

] e £50)-Done

[FY]-Help (Fi0}- Contro

1. COVER A2A2MP1

2. CONTROL LOGIC NO.T A2A2A1
3. CONTROL LOGIC NO. 2 A2A2A2
4. EOT/BOT ASSY A2A2A3

5. CONTROL LOGIC NO. 3 A2A2A4
8. HOUSING A2A2AS

7. CONNECTOR A2A3PS

8. CONNECTOR A2A807

Figure 648. Control Logic Assembly A2A2, Removal and Instalistion Procedures (Sheet 1 of 2)

Table 7-2.

Reference
Designation

1A1A2A2A3

Signal Data Recorder-Reproducer Set AN/USH-32(V)1
AN/USH-32(V)2 Part No. 541000-0001 or 541000-0002

Figure
Notes  Name and Description Number
(Item)
0 EQT/BOT Detection Assy
mfr 14028, part no. 541099 6-48(4)

Table 7-5. List of Manufacturers

Mfr Code
14028

Name and Address

DATATAPE Incorporated

A Kodak Company

360 Sierra Madre Villa Avenue
Pasadena, CA 91109




